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Objective: To assess the diagnostic accuracy of magnetic resonance imaging (MRI) in eval-
uating patello-femoral instability as a cause of anterior knee pain (AKP) and its predispos-
ing factors.
Methods: 55 knees of 50 adult patients below 40 years complaining of AKP underwent MRI
between February 2013 and February 2015. The patients were analyzed prospectively for
the presence of bone, hyaline cartilage and soft-tissue abnormalities, as well as anatomic
variants that may contribute to patello-femoral maltracking or impingement abnormali-
ties. Our results were compared to those of the arthroscopic and mini open exploration
procedures.
Results: In the 55 knees analyzed for patello-femoral instability cartilaginous injuries were
found in 58%, with an MRI sensitivity of 88%, disruption of the medial patello-femoral liga-
ment (MPFL) in 31% with an MRI sensitivity 84%, joint morphology abnormalities in 74.5%
of patients, bone edema in 27% of patients and Hoffa’s fat pad edema in 30 patients (55%).
MRI had a sensitivity of 84% and accuracy of 81% in determining the injury site and pattern.
Conclusion: MRI is reliable imaging modality in identifying the risk factors that may con-
tribute to the development of patello-femoral maltracking or impingement permitting
individual tailored treatment.
 2016 The Egyptian Society of Radiology and Nuclear Medicine. Production and hosting by
Elsevier. This is an open access article under the CC BY-NC-ND license (http://creativecom-
mons.org/licenses/by-nc-nd/4.0/).1. Introduction
Young patients aged less than 45 years suffering from
anterior knee pain syndrome may be related to underlying
patellar maltracking or patello-femoral impingement [1].
The role of a radiologist is to pay close attention onimaging of the patello-femoral joint while evaluating a
knee MRI to help in early detection of patello-femoral
articular cartilage loss in these patients [2].
Patello-femoral maltracking is abnormal translation of
the patella, whether medially or laterally in relation to
the trochlear groove. Patello-femoral impingement refers
to abnormal contact of the patella with the femur. Both
conditions are more common to occur in concordance
rather than in isolation [3]. Articular compatibility of the
patello-femoral joint is considered as the most important
static stabilizer against patellar maltracking and impinge-
ment. Therefore, it is crucial to assess the different
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routine extended MRI study [4].
MR imaging is now acknowledged as a well established
technique which has replaced diagnostic arthroscopy as
the primary non-invasive diagnostic modality. It is a highly
sensitive cross-sectional imaging modality which can iden-
tify injuries related to the capsule, ligaments, cartilage, and
bone that are associated with patellar dislocation. MRI is
also an important tool used in evaluating the different
anatomic variants that may contribute to patellar
instability [5].
There are multiple factors that can contribute to patel-
lar instability. The most important of them are patella alta
(high position of the patella), trochlear dysplasia and
increased lateral distance between the tibial tubercle and
the trochlear groove (lateralization of the tibial tuberosity)
[6].
Dynamic maltracking abnormalities have been assessed
by various static parameters of trochlear geometry and
patello-femoral joint alignment. These include the Insall-
Salvati ratio, trochlear sulcus angle, sulcus depth, lateral
patello-femoral angle, patellar translation, and tibial tuber-
cle–trochlear groove distance [7]. Anatomic and biome-
chanical abnormalities as such are thought to lead to
early osteoarthritic changes, chondrosis, proliferation of
the synovium, subchondral cysts or sclerosis, and fat pad
impingement, all of which can cause anterior knee pain [8].
Aim of the work: To assess the diagnostic accuracy of
magnetic resonance imaging (MRI) in evaluating patello-
femoral instability as a cause of anterior knee pain and
its predisposing factors.2. Materials and methods
2.1. Patient selection
MRI scans of 55 knees from 50 patients were analyzed
prospectively, and 5 patients presented with bilateral clin-
ical conditions and underwent MR imaging on both knees.
35 were men and 15 were women. 31 of the patient’s com-
plaints were on the right side and 24 on the left side. 34
cases presented clinically with knee pain, 21 with patellar
maltracking, 13 cases with pain following trauma and 3
cases with swelling.
The age of the patients studied ranged from 14 to
40 years, with a mean of 26 years (±10) and median of
28 years.
The patients were referred by an orthopedic surgeon
specialized in knee surgery, complaining clinically of ante-
rior knee pain.Fig. 1. Insall-Salvati ratio. Mid sagittal intermediate-weighted MR image.
The length of the patellar tendon (line A) is measured posteriorly from the
patellar apex to its attachment to the tibial tuberosity and is divided by
the longest superoinferior diameter of the patella (line B) to obtain Insall-
Salvati ratio as follows = A/B. A ration >1.3 indicates a patella alta. A ratio
<0.9 indicates a patella baja.2.2. MRI
MRI studies were conducted over a period of two years.
MR images were acquired on a 1.5 and 3-T scanner (GE
Healthcare units) with an extremity coil, a field of view
of 14- to 16-cm and a 256  256 matrix. Our sequences
included sagittal and coronal intermediate-weighted fast
spin-echo (FSE) (TR range/TE range, 1400–3000/19–33),
coronal and sagittal fat-suppressed T2-weighted FSE(1720–4200/60–84) or fat-suppressed intermediate-
weighted FSE (1520–3000/20–26), axial intermediate-
weighted FSE (1500–2500/20–27), and axial
fat-suppressed T2-weighted (1720–3340/60–84) or fat-
suppressed intermediate-weighted FSE (1500–3000/
20–27) images.
2.3. Image interpretation
The presence of morphological or joint geometrical
abnormalities that would predispose toward patello-
femoral instability was evaluated using the following
criteria:
(a) High patella: Insall-Salvati index greater than 1.3
(Fig. 1) [9].
(b) Morphological abnormalities in the intercondylar
fossa of the femur (trochlea dysplasia), based on
the Dejours radiographic classification [10]:
Type A – trochlea with morphology preserved, but
with a shallow trochlear sulcus (angle greater than
145).
Type B – Flat oriented sulcus.
Type C – Asymmetrical trochlear facets, with hypo-
plasia of the medial facet and convexity of the lateral
facet.
Type D – Type C + presence of a supra-trochlear ven-
tral prominence P7 mm.
(c) Lateral inclination of the patella: normally, the lat-
eral patellar facet forms an angle with the posterior
bicondylar line that is open laterally and >8 in flex-
ion. A lateral inclination angle that opened laterally
but 68 on axial images was considered to be
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if the lateral facet of the patella was parallel to the
posterior bicondylar line (Fig. 2).
(d) Lateral displacement of the patella: Patellae that did
not fit into the trochlea in flexion and with the med-
ial margin lateralized in relation to a line perpendic-
ular to the bicondylar line, in the plane of the medial
eminence of the femoral trochlea, were considered
to be displaced.
(e) Increased TA-GT distance: is the distance in mm
between the tibial tuberosity and the deepest point
of the trochlear groove. This was evaluated only in
the cases in which the images in the axial plane
included the insertion of the patellar ligament into
the tibial tuberosity. The technique used was basedFig. 2. Diagram illustrating the patello-femoral angel. It normally measures >8 a
tilt. PFA is measured between the lines drawn along the bony lateral patellar fa
Fig. 3. TA-GT distance. Axial T2-weighted MRI with fat suppression, in extensio
out tangentially to the posterior femoral condyles (dashed line B), which was e
Following this, two lines perpendicular to the posterior bicondylar line were tra
line T), which was also extended; and the other (straight line) going through t
insertion into the tuberosity of the tibia. The TA-GT distance (double arrow) is ton the criteria of Bernageau and Goutallier, but done
with the knee extended [7,8]. First, a line tangential
to the posterior femoral condyles (posterior
bicondylar line) is traced. Then, two lines were
traced perpendicular to the posterior bicondylar
line: one going through the center of the base of
the trochlea (line GT), in the plane in which the
intercondylar region has the Roman arc shape; and
the other through the center of the patellar ligament
(line TA), in its uppermost insertion into the tibial
tuberosity. The TA-GT distance was measured in
millimeters, and was considered to be within normal
limits when it was less than or equal to 15 mm
(Fig. 3).nd opens laterally. Medial opening or an angle <8 qualifies as an abnormal
cet and another line tangent to the anterior femoral condyles.
n, showing measurement of the TA-GT distance. Finally, a line was traced
xtended to the image in the plane of the anterior tuberosity of the tibia.
ced out: one going through the center of the base of the trochlea (dashed
he center of the patellar ligament (circle), in the plane of its uppermost
he distance between these two lines, which are parallel to each other.
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ligaments including the quadriceps and patellar tendons
as well as analysis of the retinacular integrity and the pres-
ence or absence of joint effusion was evaluated. We
assessed the presence of edema in the anterior knee fat
pads, mainly in the superolateral portion of Hoffa’s fat
pad. Abnormal patellar and quadriceps tendon morphol-
ogy, with or without abnormal signal intensity, was classi-
fied as tendinopathy.
All the cases were assessed and confirmed by arthro-
scopy and/or mini open exploration procedures.
Arthroscopic evaluation of the examined knees was
performed in standard fashion [11]. Evaluation of chondral
lesions was performed arthroscopically according to
Outerbridge classification [12]. Similarly, tears of the reti-
naculae, patellar dislocations and other findings were doc-
umented arthroscopically [13].3. Results
MRI scans from 55 knees of 50 patients were analyzed,
and 5 patients presented with bilateral clinical conditions
and underwent MR imaging on both knees. 35 were men
(63%) and 15 were women (27.2%). 31 of the patient’s com-
plaints were on the right side (56%) and 24 on the left side
(44%). 34 cases presented clinically with knee pain, 21 with
patellar maltracking, 13 cases with pain following trauma
and 3 cases with swelling.
The age of the patients studied ranged from 14 to
40 years, with a mean of 26 years (±10) and median of
28 years.
Fifteen patients (27%) showed patchy bone edema of
medial patellar facet and lateral femoral condyle, pattern
typical of recent lateral transitory dislocation of the patella,
in association with joint effusion (Fig. 4).Fig. 4. 16 year old female presenting with anterior knee pain. Axial T2
weighted Fat Saturated images showing edema of the lateral femoral
condyle and medial patellar facet with dislocation (arrows).Medial patellofemoral ligament full thickness tear was
diagnosed in 9 cases, while partial tear were diagnosed in
8 cases when irregular outline or partial discontinuity of
the ligament was found. Surrounding fluid signal infiltrat-
ing to medial retinaculum soft tissue edema was identified
in all of 17 cases. Also associated bone edema characteris-
tic of recent dislocation of the patella was seen in 11 cases
(Fig. 5).
40% of the cases involved the femoral attachment 37%
were at the patellar attachment and the rest were com-
bined. Compared to the results of arthroscopic and mini
open exploration procedures, MRI was found to be 84%
sensitive and 81% accurate in determining the injury site
and pattern.
Thirty-two patients (58%) age range 35–40 years pre-
sented with chondral lesions; of them, patella cartilage
lesions were identified in 23 patients (72%); and in
nine cases (28%) femoral cartilage lesions were also
observed.
Seven patients (22%) showed signs of patellofemoral
arthrosis with reduction in the lateral patellofemoral joint
space and the presence of osteophytes (Fig. 6). Upon per-
forming arthroscopic evaluation of these patients, MRI sen-
sitivity was 88% in diagnosing chondral lesions.
Morphological or joint geometry abnormalities that
predisposed toward patellofemoral instability were found
in 41 cases (74.5%) and these were characterized as fol-
lows: high patella (n = 23; 56%); patella baja in 2 cases
(5%) (Fig. 7), lateral tilt of the patella (n = 17 cases; 31%);
medial patellar tilt (n = 2, 5%) (Fig. 8), lateral patellar incli-
nation (n = 22; 54%); and trochlear dysplasia (n = 26; 63%)
where Type A was found in 8 cases, Type B in 4 cases, Type
C in 12 cases and Type D in 2 cases (Fig. 9).
An increased TA-GT distance was found in 16 cases
(29%) (Fig. 10).Fig. 5. MPLF tear. Axial T2 weighted Fat Saturated image depicting
discontinuity of the MPFL (arrow) surrounded by edema and joint
effusion. Lateral patellar tilt and mild patellar facet edema (arrow).
Fig. 6. Osteoarthritic changes. Coronal T2 weighted Fat Saturated images showing narrowed joint spaces, condylar osteophytes and subchondral marrow-
edema and cystic changes in a 39 year old male.
Fig. 7. (a) Patella alta. Sagittal T2 Fat Sat image in a 20 year old female complaining of knee pain with an Insal-Salvati ratio of 1.7. (b) Patella baja. Sagittal T2
Fat Sat image in a 32 year old male complaining of knee pain with an Insal-Salvati ratio of 0.7.
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tense signal in the superolateral portion of Hoffa’s fat pad
and prefemoral fat pad, of which 19 were females (63%)
and 11 were males 37%. They were mainly seen in cases
of abnormal patello-femoral ratio in 18 patients and lateral
tilt of the patella in 12 patients (Table 1) (Fig. 11).
4. Discussion
Anterior knee pain is a common clinical symptom
among patients referred for MRI. About 25% of patients
with knee complaints have symptoms of anterior kneepain [14]. Young individuals, especially adolescent females
are at particular risk for AKP. Symptoms in these individu-
als are usually related to increased use, commonly due to
increased participation in sports activities [15]. Typically,
pain occurs during activities such as running, squatting,
climbing stairs, cycling, and jumping which can force
patients to stop such exercises altogether [16]. AKP in
school-age students has been reported to be 3.3% in the
10–19 year age group, and the incidence was 10% among
the 15 year old students [17].
Patello-femoral disorders are among the most com-
monly reported sources of anterior knee pain [18].
Fig. 8. (a) Lateral patellar tilt. Axial PD Fat Sat image in a 29 year old male demonstrating a PFA less than 8. Trochlear dysplasia is also noted. (b) Medical
patellar tilt. Axial PD Fat Sat image showing a PFA that opens medially.
Fig. 9. (a) Lateral patellar translation. Axial PD sat image showing abnormal lateral patellar translation, trochlear asymmetry and joint effusion. (b) Sulcus
dysplasia. Sagittal T1 weighted image showing Type D dysplasia with prominent bone protrusion seen on the parasagittal view (cliff pattern) (arrows).
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explain the cause of anterior knee pain and its relation
to patello-femoral maltracking and impingement disor-
ders. One of these theories, is the recurrent friction of
the medial patellar facet upon the femur due to
increased medial laxity. Subsequentially, this results in
subchondral bone damage, associated synovial irritation
and or retinacular injury all of which may contribute
to pain [19].
Immunohistochemical studies have suggested that
patients with anterior knee pain have a higher number of
nerve fibers in their anterior knee fat pads in comparison
with normal patients [20]. It has also been implied that
suprapatellar pouch impingement, which manifests as
quadriceps fat pad edema or enlargement, also contributes
to pain in some patients [21].
Over the last few years, MRI has also emerged as an
auxiliary method for investigating patello-femoralimpingement, particularly for detecting osteochondral
lesions and for evaluating the medial patello-femoral liga-
ment (MPFL). MRI presents a sensitivity of around 90% for
detecting osteochondral lesions in the knee, which may go
unnoticed on X-rays in up to 60% of the cases, thus justify-
ing performing MRI among these patients [22]. This was
observed in our study in which chondral lesions were diag-
nosed in 32 patients (58%) with estimated MRI sensitivity
of 88%.
In the present study, lesions of the MPFL were detected
in 17 patients 34% of the cases with sensitivity of 84%, the
presence of abnormal soft tissue swelling, fluid signal adja-
cent to medial retinaculum and joint effusion facilitate
detection of ligament disruption in the clinical setting of
acute patellar dislocation. Associated patchy bone edema
in the medial patellar facet and lateral femoral condyle a
typical finding that raises the diagnosis of recent patellar
dislocation, Diederichs et al. [22].
Fig. 10. Increased TA-GT distance. Axial T2 Fat Sat images showing
increased TA-GT distance measuring 18 mm.
Table 1
Prevalence of MRI findings in 55 knees.
MRI Findings n %
Bone contusion 15 27
MPFL injury 17 30.9
Chondral lesion 32 58
Patellar cartilage 23 72
Patellar and femoral cartilage 9 28
Morphological or joint geometry abnormalities 41 74.5
High patella 23 56
Lateral inclined patella 17 31
Trochlear dysplasia 26 63
Increased TA-GT distance 16 29
Hoffas fat pad edema 30 55
Fig. 11. HFPE. Sagittal T2 weighted Fat Saturation image demonstrates
superolateral Hoffa’s fat pad edema (arrows), patella alta, joint effusion
and a small popliteal lymph node.
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White [23], who stated that MRI has excellent results for
detecting lesions of the MPFL after acute dislocation of
the patella, with estimated sensitivity of up to around 85%.
In most cases of patello-femoral impingement it was
found that there is a predisposing anatomical factor and
that the more intensely that these factors are present, the
lower the intensity of the trauma required for dislocation
to occur [24].
Trochlear dysplasia, which is considered to be one of
the main risk factors for instability, was present is more
than half of the cases and was easily identified using
MRI, by assessing lateral trochlear inclination, trochlear
facet asymmetry, or trochlear depth [25]. MRI was also
possible to identify high patella beyond the physiological
limits in 41.8% of cases with a high sensitivity due to reli-
able measurement of the patellar tendon on MRI. Measure-
ment of the TA-GT distance is one of the main reasons for
requesting tomographic evaluations among patients with
patello-femoral impingement. With the growing need for
evaluation of ligament and joint cartilage integrity, many
patients have started to undergo MRI, with excellent
results [26].
In our study morphological or joint geometry abnor-
malities that predisposed toward patellofemoral instability
were found in 41 cases (74.5%), and the commonest predis-posing factors were high patella in 56%, trochlear dysplasia
in 63% and lateralization of the patella in 54%. Recognizing
these bone abnormalities is essential for evaluating the
prognosis and planning the best therapeutic management.
Our results are in agreement with those reported by
Patricia et al. in 2013, who stated that MR imaging is an
excellent method in diagnosing trochlear dysplasia and
reported high patella and lateral inclination in 53 and
56% respectively [27].
An increased TA-GT distance was found in 16 cases
(29%) in the current study in agreement with Berruto
et al. (2013) who stated that TA-GT value was greater in
symptomatic patients [28].
Superolateral Hoffa’s fat pad edema is an important pre-
dictor of patellofemoral ligament injury, as evidenced by a
small but statistically significant increase in morphological
abnormalities with edema. These factors positively induce
excessive friction or pressure of the lateral patellar facet
over the lateral femoral condyle, resulting in superolateral
Hoffa’s fat pad edema [29].
This was similarly confirmed by the results of our study
as we included 32 patients (58%) exhibited edema in the
superolateral portion of Hoffa’s fat pad and prefemoral
fat pad, seen in patients with abnormal patello-femoral
ratio and patello-femoral angle.
One of the limiting factors of MRI is the physiological
lateralization and inclination of the patella in extension,
and evaluation of these parameters should be done with
the knee flexed, which is not the routine in MR imaging
of the knee joint. For this reason, the examination needs
to be guided by a radiologist who is familiar with the rec-
ommended protocols for evaluating instability by means of
MRI, as well as the need for availability of apparatus and
coils that allows image acquisition in this position.
Despite these limitations, the capacity to combine eval-
uation of bone, cartilage and soft-tissue structures made
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femoral impingement, with the additional benefit of saving
the patients the risks of ionizing radiation [30].
Another limitation in our study was the smaller popula-
tion of patients. We hope that in the future we can present
a broader spectrum prospective study which would be of
value in the assessment of the predisposing factors of
patello-femoral derangement.
5. Conclusion
MR imaging is the first modality of choice in young
patients presenting with anterior knee pain in whom
patello-femoral instability is clinically suspected. MR
imaging contributes to the diagnosis of different anatomic
variants, ligamentous injuries and chondral lesions that
predispose to instability, and guide the orthopedic sur-
geons in selecting the most optimal treatment.
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